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1.0.0  SUMf'ARY 

The  results  of  an  evaluation  of  a prototype  15  Kk'  power  conditioner, 
built  by  Delco  Electronics,  for  f’ERADCOM  are  contained  In  this  report. 
The  evaluation  was  a prerequisite  In  the  preparation  for  developing  a 
microprocessor-based  controller  to  replace  an  exlstlno  controller  In 
the  power  conditioner.. 


The  entire  evaluation  was  performed  by  studying  the  Delco  reports  that 
are  listed  In  Section  3 of  this  report.  These  are  final  and  preliminary 
reports  prepared  by  Delco  for  the  U.  S.  Army.  The  power  conditioner  to 
be  interfaced  is  currently  being  developed  bv  Delco  for  f'ERACCOM  at  the 
DeJco  facility  In  Santa  Barbara,  California. 


The  primary  objective  of  the  evaluation  was  to  obtain  a thorough  under- 
standing of  the  power  conditioner  from  studying  the  latest  available 
documentation  and  to  define  the  requirements  for  a microprocessor  con- 
troller Interface.  This  study  will  serve  as  the  guideline  for  design 
of  the  baseline  controller,  the  next  task. 


Although  the  new  controller  will  Interface  to  the  existing  sense  signals 
satisfactorily,  the  capability  of  the  microprocessor  could  enhance  per- 
formance of  the  new  controller  If  certain  sense  circuitry  modifications 
were  made. ^Suggestions  and  recommendations  are  Included  and  discussed  In 
this  report. 


2.0.0  PREFACE 


The  work  described  In  this  reoort  was  performed  by  Yucca  International, 
Inc.  under  the  direction  of  the  U.  S.  Army  Mobility  Equipment  Research 
and  Development  Command.  This  report  completes  the  first  task,  of  the 
first  phase  (CLIN  0001,  Phase  1)  of  the  U.  S.  Army  contract  no.  DAAK- 
70-78-C-0T17.  The  Contracting  Officer's  Representative  Is  Dr.  David 
Lee  at  the  U.  S.  Army  MERADCOM  headquarters  at  Fort  Belvotr,  Virginia. 


3.0.0  COPYRICHT  PERMISSION 


The  Information  contained  In  this  report  was  derived  from  the  following  fovernment 
documents: 


Source  No.  1 Contract  No.  DAAK-02-72-C-0210 

Frequency  Converter  Portable  10  KW 

Source  No.  2 Contract  No.  DAAK-02-72-C-0210 

Source  No.  3.  Contract  No.  DAAK-02-72-C-021 0 

Source  No.  4 Contract  No.  DAAK-70-77-C-0035 

15  KW  r-eneral  Purpose  Power  Conditioner 

Source  No.  5 Contract  No.  DAAK-70-77-C-01 57 

15  KW  General  Purpose  Power  Conditioner 

Source  No.  6 MIL-STD-1332B 


Final  Report 
Vol.  I 

Vol . II 

Vol.  Ill 

Final  Report 
AC-DC  Section 

Prelim.  Report 
Inverter 


May  1974 
May  1974 
January  1975 

April  1978 

July  1978 
Marc?’  31.  1978 
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4.0.0  INTRODUCTION 


The  U,  S.  Army  *'ob11e  Equipment  Research  S Development  Command  (MEPAOCOF) 
has  contracted  with  Yucca  International*  Inc.  to  perform  Part  1 of  Phase  1 
to  design*  construct*  and  test  a microprocessor-based  controller  for  a 
general  purpose  3 phase  15  KW  power  conditioner. 

The  new  controller,  when  completed,  will  be  capable  of  replacing  the 
exlstlnq  controller  In  a selected  power  conditioner  to  reduce  cost,  size, 
add  new  features*  Improve  reliability  and  retain  total  system  performance 
ability.  An  additional  advantage  Is  that  It  could  easily  be  adaptable  to 
other  similar  power  conditioners. 

The  power  conditioner  selected  by  the  Government  Is  the  one  developed  for 
the  Army  by  Delco  Electronics  under  contracts  DAAK-02-72-C-0210  and  DAAK- 
70-77-C-0035,  and  Is  contlnulno  under  contract  DA4K-7G-77-C-0157  at  t.hp 
Delco  facility  In  Santa  Barbara*  California.  When  available,  this  power 
conditioner  will  be  used  for  Initial  testing  of  the  controller  at  Yucca. 
Final  acceptance  testing  will  be  conducted  at  ^ERADCOf’. 

This  Is  a report  of  the  Initial  evaluation  of  the  Delco  15  KW  power 
condltlorer.  The  Information  available  consisted  of  several  reports  written 
by  Delco  for  the  Army,  These  are  listed  In  Section  3.  The  results  of 
this  review  outline  a list  of  requirements  for  the  baseline  design  uslnc 
a microprocessor  controller.  Also  Included  Is  a plan  for  the  next  task 
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5.0.0  INVESTIGATION 

5.1.0  REVIEW  OF  POWER  CONDITIONER 

5.1*1  OVERALL  VIEW 


The  Delco  15  KW  power  conditioner  can  be  described  as  a frequency  chancer. 
Frequency  changers  are  useful  for  converting  Input  power  of  one  frequency 
to  output  power  at  another  freouencv.  Frequency  chancers  have  been  de- 
signed to  derive  power  from  an  Input  source  of  varying  frenuency  and 
amplitude  (the  output  of  the  turbo  alternator  or  diesel  generator  set  for 
example)  and  provide  at  Its  output,  AC  power  that  is  stable  In  freouency 
and  has  low  distortion  and  good  regulation. 

Presently,  the  Delco  15  KW  power  conditioner  Is  capatle  of  deriving  Its 
power  from  120/208  VPh'S  @ 50  Hz,  60  Hz,  or  400  Hz  three  phase,  which  must 
be  of  utility  class  2C  (defined  in  h"IL-STD-1332B)  or  better.  The  power 
conditioner  Is  capable  of  providing  quality  AC  output  power  at  120/240  vrms 
0 60  Hz  or  400  Hz  single  phase,  or  120/208  wPf'S  @ 6C  Hz  or  400  Hz  three 
phase  3 or  4 wire.  Table  1 lists  the  electrical  retirements  of  the  power 
conditioner  and  the  measured  performance. 

Frequency  conversion  In  the  power  conditioner  is  accomplished  In  three  steps. 
The  AC  Input  Is  rectified  to  DC,  the  DC  Is  converted  to  a higher  DC  voltage, 
and  then  the  DC  Is  inverted  to  produce  an  AC  output.  A brief  description 
of  each  of  these  steps  follows. 
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Each  phase  of  the  power  Input  Is  rectified  separately  through  bridge 
rectifiers.  There  Is  very  little  filtering  performed  on  the  DC  at  the 
output  of  the  three  bridge  rectifiers.  Since  a resistive  load  Is  de- 
sired to  minimize  the  introduction  of  harmonics  back  Into  the  power 
source*  filtering  Is  kept  to  the  minimum  necessary  for  proper  operation 
of  the  DC  to  DC  converter  that  follows.  The  three  DC  to  DC  converters 
are  Identical  and  have  been  designed  to  appear  as  a resistive  load  ard 
a switch  to  the  bridge  rectifiers  that  feed  them. 

The  unregulated,  unflltered  DC  applied  to  a DC  to  DC  converter  Is  con- 
verted to  high  frequency  sinusoidal  voltage  pulses  and  applied  to  the 
primary  o*  a step-up  Isolation  transformer.  The  pulses  at  the  secrnda:y 
are  rectified  and  filtered  to  produce  a positive  and  negative  voltage 
with  reference  to  an  Isolated  common.  The  three  DC  to  DC  converter  out- 
puts are  paralleled. 

From  the  filtered,  regulated,  and  Isolated  DC,  and  Inverter  constructs 
3 phases  of  stair-step  approximated  sine  waves  end  delivers  them  to 
trlplen  harmonic  cancellation  and  filter  circuitry. 
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5.1.2  AC  TO  DC  TO  DC  SECTION 

Figure  2 Is  a schematic  of  the  AC  to  DC  converter  sectlor.  Shown  are 
the  3 phase  AC  inputs,  the  3 bridge  rectifiers,  and  the  3 DC  to  DC  con- 
verters described  brief-,/  In  Section  5.1.1. 

The  DC  to  DC  converters  are  referred  to  as  4 SCR  resonant  converters. 
Contained  In  a resonant  converter  are  4 SCR's  connected  to  form  a bridge 
type  circuit.  The  output  of  the  SCR  bridge  Is  connected  to  a series 
resonant  load  formed  by  a capacitor  (Cl 3 and  C14),  a choke  (L9)  and  the 
primary  of  a step-up  Isolation  transformer  (Tl). 

The  gates  of  the  SCR's  are  fired  In  a fixed  sequence  by  the  power  condi- 
tioner's controller  at  a freouency  that  Is  determined  by  load  conditions. 

An  Increase  In  load  reaulres  an  Increase  In  freouency. 

Q3  and  Q2  are  fired  simultaneously  to  cause  a half-sirusold  current  pulse 
through  the  Isolation  transformer  primary.  Voltage  at  the  seconder''  is 
rectified  and  filtered.  The  collapsing  magnetic  field  causes  CR3  and  TR2 
to  conduct.  This  coimiutates  off  Q3  and  Q2  for  approximately  18  ps  (well 
above  the  SCR  spec  reoulrements  of  10  ps).  A current  transformer  senses 
the  current  throuoh  CR2  and  makes  this  signal  available  tc  the  controller 
as  a commutation  sense  signal.  The  sense  signal  indicates  that  the  two 
SCR's  are  assumed  to  be  turned  off.  To  prevent  causin'*  a short  circuit 
across  the  bridge  rectifiers,  the  controller  waits  for  the  confutation  sense 
signal  before  it  permits  the  other  pair  of  SCR's  (Q1  and  Q4)  tc  be  triggered 
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on.  The  magnetic  field  in  the  transformer  must  be  ?1 loved  to  collapse 
and  the  reverse  onerov  produced  must  he  rorovod  before  the  application 
of  another  nulse.  In  other  words,  the  froouency  of  operation  must  be 
kept  below  the  resonant  freouency  of  the  converter.  (The  resonant 
frequency  was  not  specified  in  the  Delco  reports. ) 

The  freouency  of  operation  necessary  to  produce  18. Kl*  (?  300  VDC  (+_  150 
VDC)  into  the  inverter  is  5119  Hz.  (Actual  throe  phase  AC  power  out  of 
the  inverter  with  18  KW  In,  is  approximately  15  KW.)  Table  2 provides 
more  information  concern  inn  operating  freouency  vs.  converter  power 
output. 


5.1.3  INVERTER 

The  Inverter,  supplied  with  the  reoulated  DC  input  from  the  converter 
and  crystal  referenced  waveform  neneration  signals  fmm  the  controller, 
v/ill  produce  quality  3 phase  AC  output. 


The  waveform  generation  signals  from  the  controller  consist  of  rate  driver 
signals  for  each  of  the  28  SCR's  In  the  Inverter.  The  controller  does  not 
provide  commutation  off  signals  because  It  Is  performed  automatically  by  the 
Inverter  design  and  the  SCR  firino  seruence. 


Figure  4A  Is  a simplified  schematic  of  the  Inverter.  Figure  4B  Is  a simpli- 
fied diagram  of  three  phases  of  stair-step  approximated  sine  waves.  It  can 
be  seen  that  the  SCR  firino  seouence  for  generating  the  center  pulses  in 
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Figure  4B  Is  PB-,  PA+,  PC-,  PB+,  PA-,  and  PC+.  These  SCR' s may  be  found 


In  Figure  4A  In  a section  of  the  Inverter  referred  to  as  t'e  power  center. 


Simultaneous  with  the  firing  of  a pov*  * center  SCR,  a stair-step  wavefc-m 
must  be  started  on  both  of  the  other  phases.  Conveniently,  the  stair- 
step voltages  of  both  phases  are  the  same  polarity.  This  polarity  ray 
be  applied  to  the  top  of  the  auto  transformer  by  firing  either  T+  or  T-. 
The  stair-steps  may  be  nenerated  by,  first,  firing  the  appropriate  phase 
select  SCR's  and  then  firing  the  appropriate  left  and  right  SCR's  In  the 
sequence  that  produces  the  desired  results. 


It  Is  apparent  from  Figure  4 that  the  "rloht"  SCR's  are  not  configured 
properly  to  deliver  a positive  stair-step  to  the  load.  The  same  Is  true 
for  the  left  SCR's  If  a negative  stair-step  Is  to  he  produced. 


If  a large  output  filter  capacitance  supplied  current  back  Into  the  In- 
verter at  the  times  described  above,  then  forward  bias  across  th^  SCR's 
can  be  achieved.  The  large  filter  capacitance  causes  the  output  current 
to  lead  the  output  voltage.  (See  Figure  5.)  Immediately  after  the 
output  current  crosses  zero  (reverses  directions),  the  conditions  are 
correct  for  turning  on  the  SCR's  Indicated. 


To  clarify,  Delco  has  purposely  Introduced  a leading  power  factor  In  the 
Inverter  output  with  a large  filter  capacitance.  The  leading  pov/er  factor 
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Is  necessary  to  fire  the  step-forming  SCR's  when  they  would  normally 
be  reverse  biased.  The  leading  power  factor  must  be  maintained  under 
all  load  conditions  to  successfully  fire,  and  thus  commutate  off,  all 
of  the  step-forming  SCR's.  Otherwise,  distortion  of  the  outputs  will 
result. 

The  large  filter  capacitance  Is  responsible  for  a 2 KW  loss  at  no  load. 
To  reduce  this  loss.  It  appears  Delco  Is  considering  using  relays  to 
reduce  capacitance  at  minimum  or  no  load. 

Not  shown  In  Figure  4A  are  4 SCR's.  For  detailed  information  about  the 
4 SCR's  or  the  Inverter  operation  described,  consult  Source  No.  S,  o. 
13-24. 


5.1.4  VOLTAGE  PECULATION 

To  maintain  120/208  VAC  at  the  Inverter  output  the  converter  must  supply 
the  Inverter  with  approximately  +_  140  VDC  at  a current  that  Is  determined 
by  the  load.  It  Is  Important  to  note  that  t*-e  Inverter  does  not  provide 
the  controller  with  any  means  of  system  voltage  regulation  or  current 
limiting. 


The  controller  must  exercise  these  functions  through  control  of  the  12 
SCR  gate  signals  to  the  resonant  converters. 


Rjn  ™ 
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The  response  time  of  the  regulation  loop  will  Unit  the  ability  to 
react  to  transients.  An  optimum  amount  of  capacitance  must  be  provided 
at  the  converter  output  to  meet  specified  transient  response  reoulrerents. 
Too  much  capacitance  may  cause  damage  to  the  inverter  If  an  overload  lor 
short  circuit)  occurs  causin'*  this  uncontrolled  current  to  flow  through 
the  low  Impedance  Inverter.  Obviously,  then.  In  the  Interest  of  protect- 
ing the  Inverter  and  meeting  transient  response  reoul rements , the  regula- 
tion loop  must  be  fast. 


REQUIREMENT  FOR  CONTROLLER  BASELINE  DESIGN 
The  reoul rements  are: 

1)  Minimum  use  of  analog  components; 

2)  Optimize  software  control  functions  versus  hardware  control 
functions; 

3)  Failsafe  operation; 

4)  Detection,  protection,  and  error  Indication  of  power  condi- 
tioner faults; 

5)  Provide  the  necessary  tlmlnn  slonals  to  the  converter  SCR'c 
to  achieve  sub-cycle  voltace  reoulatirn  and  current,  limiting 
of  the  inverter  output; 

6)  Short  circuit  current  protection; 

7)  Provide  for  momentary  overloads  (up  to  200%  of  rated  load  for 
5 seconds)  hut  then  reduce  to  rated  cutout  to  prevent  Internal 
damage. 
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8)  Provide  crystal  referenced  center  pulse  and  step-forming 


timlnn  slnnals  to  the  28  SCP's  In  the  Inverter.  These  tlmino 

] ' " 

signals  will  permit  either  60  Hz  or  400  Hz  sire  wave  output; 

9)  Permit  the  power  conditioner  to  supply  12C/208  VRf’S  three 
phase  @ 60  or  400  Hz  or  120/240  VPf'S  slnole  phase  @ 60  cr 
400  Hz; 

10)  Reliable  operation  In  electromaanetlc  environment  of  power 
conditioner; 

11)  Permit  the  output  voltane  to  be  adjusted  -5%,  +15%  ewav 


from  nominal; 

12)  Determine  mode  of  operation  by  reading  front  panel  swltcl. 
settlnos; 

13)  Include  all  necessary  power  supplies; 

14)  Must  not  cause  a degradation  In  performance; 


CONVERTER  SCR  COMMUTATION  SENSE  - 3 Total 
A positive  or  negative  voltage  at  the  output  of  the  sense  circuit 
will  Indicate  which  pair  of  SCR's  were  just  oomnutated  off.  There 
Is  one  sense  circuit  per  converter. 

CONVERTER  OUTPUT  CURRENT  SENSE  - 3 Total 

Each  of  the  converter  step-up  Isolation  transformers  secondary  are 
sensed  by  a current  transformer.  This  sense  signal  Is  rectified  to 
provide  a voltage  approximately  proportional  to  the  direct  current 
provided  to  inverter  Input. 

CONVERTER  OUTPUT  VOLTAGE  SENSE  - 1 Total 

The  voltage  between  the  + line  and  the  - line  is  sensed  through  a 
voltage  divider.  No  transformer  Is  used. 

INVERTER  INPUT  CURRENT  SENSE  - 1 Total 

The  + line  and  the  - line  each  have  Inserted  in  them,  a separate 
primary  winding  of  the  same  current  transformer.  The  output  of 
the  transformer  Is  rectified, 

INVEPTER  OUTPUT  VOLTAGE  SENSE  - 3 Total 

The  sense  signals  provided  are  Isolated  from  the  output  by  a trans- 
former and  rectified. 

I 
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INVERTER  OUTPUT  CURRENT  SENSE  - 3 Total 

Each  of  the  three  output  phases  are  sensed  by  a current  transformer. 
Rectification  Is  performed  before  the  sense  signal  Is  made  available 
to  the  controller. 

The  location  of  all  sense  slpnals  discussed  In  th1p  section  are  shown 
In  Figure  1. 


5,3.0  DESIRED  CONTROLLER  FUNCTIONS 
The  desired  functions  are: 

1)  Provide  for  a multi -character  7 seoment  display  on  the 
front  panel.  The  dlsplav  mlrht  he  used  to  Indicate  mode 
of  operation,  self-test  or  diagnostic  error  conditions, 
fault  conditions,  etc,; 

2)  Sense  over  temperature; 

3)  Sense  out-of-freouency; 

4)  Provide  for  controlled  short  circuit  (time/overload  pro- 
file); 

5)  Provide  for  50  Hz  output  freruency  option.  (For  NATO 
compatibility); 

6)  Consider  self-test  capability;  for  Instance,  check  RAh1,  A/D's, 
P/A's,  I/O  (If  applicable)  etc.  Determine  If  PRCMS  are  author- 
ized by  reading  a code  or  checksum.  Perform  the  self-test 
before  power  conditioner  goes  from  standby  tr  operate. 


I 
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5.4.0  PLANS  FOR  NEXT  TASK 


V 

B 

[ 


I 

i 


I 

i 


Objective:  Develop  the  control ler  baseline  desipn . Determine  ard 
document  the  expected  requirements  and  duties  of  the  mlcroprocessor(s). 
In  preparation  for  mlcroprocejsor(s)  selection. 

1)  Generate  one  or  more  conceptual  approaches; 

2)  All  conceptual  approaches  must  conform  to  the  requirements 
listed  In  5.2.0; 

3)  The  conceptual  approaches  will  clearly  define  the  controller 
to  a functional  block  level.  The  necessary  amount  of  PAT, 

ROM,  and  I/O  will  be  approximated; 

4)  An  analysis  will  be  Included  that  will  highlight  the  ao- 
vantapes  of  the  approach; 

5)  From  the  conceptual  approaches,  the  best  or  a compromise 
will  be  selected  for  developing  the  baseline  controller; 

6)  The  baseline  design  will  be  documented  with 

a)  Detailed  schematic  (portions  may  be  functional 
blocks); 

b)  List  of  mlcroprocessor(s)  duties; 

c)  Narrative  description  of  the  more  difficult  software 
routines  that  will  be  needed. 

A good  feel  should  be  obtained  for  what  the  microprocessor  Is  expected 
to  perform.  This  Is  necessary  for  the  selection  of  the  optimum,  pro- 
cessors), the  third  task. 
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6.0.0  DISCUSSION 

This  discussion  will  focus  on  the  problems  and  difficulties  encountered 
during  this  task. 

An  analysis  of  the  firing  sequence  of  the  6 pairs  of  SCR's  was  determined 

by  studying  the  schematic  on  page  6-11,  Source  No.  4.  The  6 l*nes  leaving 

the  schematic  on  the  right  are  believed  to  be  mislabeled.  Each  of  the^e 
slqnals  carry  a 12  us  pulse  to  circuitry  t^at  will  fire  a pair  of  SCP's 
In  one  of  the  three  resonant  converters  In  Houre  4.  The  firing  sequence 
Is  believed  to  be  Phase  A Q3,  Q2;  Phase  C Ql,  Q4;  Phase  B Q3,  Q2;  Phase 

A Ql,  Q4;  Phase  C Q3,  Q2;  Phase  B Ql,  Q4.  The  Derlod  between  the  pulses 

are  dependent  on  the  operating  frequency  or  a commutation  sense  failure. 

A definition  of  the  operating  frequency  19  believed  to  be  the  reciprocal 
of  the  period  between  pulses  to  the  same  pair  of  converter  SCP's.  At 
an  operating  freruency  of  5119  Hz,  for  example,  the  nerlod  would  be  195  ps 
(unless  a commutation  failure  occurred  causing  all  pulses  to  be  delated 
10  ms). 

The  operating  frequency  can  be  misleading  when  thinking  In  terms  o*  the 
resonant  frequency.  When  the  period  of  the  operating  frequency  Is  195  ps, 
the  actual  time  between  pulses  to  the  resonant  load  Is  195  i 2 or  97.5  ps, 
for  an  effective  frequency  of  twice  the  operating  frequency.  The  actual 
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time  between  pulses  to  the  resonant  load  must  never  decrease  below  18  ps 
which  is  approximately  the  time  needed  to  turn  off  a converter  SCR. 

Part  1 of  Phase  1 of  the  contract  will  concentrate  or,  developing  the  hardware 
and  software  necessary  to  perform  voltaoe  reoulation  of  th«  power  condl ti oner. 
The  converter  operation  freouency  (control  frecuencvj  nay  be  based  or  either 
the  inverter  output  voltages  or  the  converter  output  voltage  or  Loth. 

The  inverter  output  voltaoe  can  be  reoulated  more  accurately  by  sensing  the 
Inverter  outputs  Instead  of  the  convertor  output,  but  rcsncnse  time  cf  the 
regulation  loop  is  sacrificed,  since  it  tabes  longer  tr  sense  3 on^-uts 
instead  of  one. 

Unless  a OC  average  of  the  inverter  output  voltaoes  aro  r .easured,  the 
value  will  have  to  he  correlated  to  some  point  or  the  sine  wave  for  compari- 
son to  a sine  table  stored  in  memory  (In  addition  to  verifying  correct  ot tput 
volt'^e,  sampling  in  this  manner  will  ch«ck  distortion.)  Performing  the 
above  measurements  on  the  output  and  determining  a control  signal,  could 
take  a significant  amount  of  time. 

The  nominal  inverter  output  voltage  is  120  VP.VS  lire  to.  neutral,  which 
corresponds  to  approximately  + 140  VDC  at  the  converter  output.  This 
relationship  may  change  slightly  at  different  output  frecuencies  or  loads. 
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Regulating  the  converter  output  to  produce  an  accurate  approximation 
of  the  Inverter  output  voltage  could  prove  challenging  if  load  or 
frequency  dependent  variables  exist  In  the  Inverter.  The  problem  car 
partially  be  corrected  by  storing  In  computer  memory  a "load  profile." 
Perhaps  a load  profile  will  be  stored  for  each  output  freouency.  The 
load  profile  will  permit  the  controller  to  make  slight  adlustmentc  tc 
the  converter  output  voltage  tc  correct  for  changes  In  the  Invertor 
under  various  loads.  Implementing  this  load  profile  vlll  necessitate 
sens 1 no  the  Inverter  input  current. 

The  existing  Inverter  output  voltage  and  current  sense  signals  ar^ 
routed  through  isolation  transformers  and  then  rectified  to  produce 
two  positive  half  sine  waves.  The  forward  diode  drops  may  Introduce 
an  error  when  the  Inverter  output  Is  crossing  zero.  This  may  produce 
an  error  at  all  inverter  voltages.  Being  able  to  Identify  the  positive 
and  negative  half-cycle  of  the  Inverter  output  voltaoe  Is  useful  and 
this  Identification  is  more  difficult  when  these  signals  are  rectified. 
To  achieve  the  accuracy  desired.  It  may  be  necessary  to  sense  these 
voltages  and  currents  more  directly. 


The  Inverter  output  voltages  measured  must  be  correlated  somehow  to  their 
exact  position  on  the  sine  wave.  There  are  several  methods  of  achieving 
this  (and  these  will  be  Investigated  durlno  the  next  task).  - — j 


7.0.0  CONCLUSIONS 


In  general,  from  the  data  review,  a thorough  understanding  of  the  power 
conditioner  has  been  obtained.  The  reoulrements  and  plans  for  the  next 
task,  the  controller  baseline  design,  have  been  formulated  and  Included 
In  this  report. 

U 

■ 

An  objective  for  the  controller  baseline  design  Is. to  Improve  performance. 

The  capability  of  the  microprocessor-based  controller  to  Improve  performance 

1 

over  that  of  the  existing  controller  may  be  enhanced  bv  changes  to 
existing  Inverter  output  voltaoe  and  current  sense  circuitry.  Appropriate 

recommendations  will  be  made  after  the  next  task. 

' 

A reaulrement  of  the  controller  Is  to  provide  sub-cycle  regulation  response. 
Due  to  the  complexity  and  time  reoulred  to  measure  the  Inverter  output. 

j 

I voltages.  It  may  be  desired  to  base  the  converter  control  freouency  Initially 

on  converter  output  voltage  and  then  optimize  with  results  of  the  Inserter 
output  measurements. 


8.0.0  RECOMMENDATIONS 


1)  Based  on  the  study  during  tMs  period,  It  Is  recommended 
that  we  proceed  lirmedlately  to  the  baseline  design; 

2)  The  baseline  design  should  show  any  recommended  changes 
In  senslnq  circuitry; 

3)  A technical  conference  be  held  at  Yucca  International  at 
the  conclusion  of  the  baseline  design  period  for  the  purpose 
of  review  and  concurrence  with  the  baseline  design. 

1 


9.0.0  DISTRIBUTION 


Three  copies  to  — W.  David  Lee,  DRDME-EA 
Two  copies  to  — John  A.  flabby,  DRDf’E-PE-l 
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RESONANT  CONVERTER 
OPERATIN'*  FREQUENCY 
(HZ) 


CONVERTEP  POWER  OUTPUT 
(watts) 


5119 

18000 

3459 

12000 

1726 

0000 

911 

3000 

345 

1100 

TABLE  2:  RESONANT  CONVERTER  FREQUENCY  VS.  CONVEPTEP  POWER  OUTPUT 


This  Information  was  obtained  from  final  Report  AC-DC  Section,  Contract 
No.  DAAk70-77-C-0035,  P.  7-5 
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Firi/RE  1:  DELCO  15  KW  POWER  CONDITIONER  (BLOCK  DIAGRAM) 


Reproduced  from  Inverter  Preliminary  Design,  Contract  Mo.  DMK70-77-C-0157 


CENTER' 


Firi'RE  4A:  SIMPLIFIED  SCHEMATIC  OP  IN7ERTE0 


FIOliRE  4B:  SIMPLIFIED  DIAFRAM  OF  STAIP-STEP  SINE  WAVES 


Reproduced  and  modified  from  Inverter  Preliminary  Deslop 
Contract  No.  DAAK70-77-C-0157,  P.  14 


POSITIVE 


FIGURE  5:  SIMPLIFIED  INVERTER  OUTPUT  CURRENT  AND  VOLTAGE  WAVEFORMS 


Reproduced  and  modified  from  Inverter  Preliminary  Design,  Contract  No. 
DAAK70-77-C-01 57 , P.  23 
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APPENDIX  A 


8/18/78 

FROM:  Bill  Tuten 

SUBJECT:  Trip  Report-  Meradcom  visit  on  Contract  DAAK-70-78-C-0117 

"eeting  with  Dr.  David  Lee  and  Bob  Williams 

Bob  Williams  discussed  the  Delco  Inverter  System  and  how  It  operates.  We 
then  discussed  how  a microprocessor  controller  can  be  used  in  this  Inverter. 
The  following  information  was  gained: 


Delco  Inverter  System 

1)  Present  Inverter  has  not  been  married  tr  converter; 

2)  Efficiency  of  present  inverter/converter  combination 
is  75%  not  the  spec  80%  or  the  desired  85%; 

3)  Total  system  is  large  in  size  and  heavy; 

4)  System  appears  to  be  very  reliable; 

5)  Meradcom  seems  very  pleased  with  the  Delco  System; 

6)  No  fuses  in  system. 

Desired  Controller  functions 

1)  Diagnostic; 

2)  Over/under  voltage  - both  input  and  output* 

3)  Out  of  frequency; 

4)  Over  temperature; 

5)  Controlled  short  circuit  (Time/overload  profile) 

6)  Indicate  status  of  input/output  on  display.  If  done 

display  must  have  blocking  option; 
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7)  Look  at  preventive  maintenance  — like  pressure 
drop  across  air  cleaner  — si owl no  down  of  fan,  etc. 

8)  Monitor  SCR  status  signals  on  when  supposed  to  be  — 
not  on  otherwise. 

Helpful  documents 

1)  Look  at  ADA035043  (obtainable  from  Defense  Documentation 
Center)  Volumes  1,  3,  and  5. 

Unanswered  questions 

1)  Response  time? 

2)  Do  all  three  converters  regulate  and  operate  at  same 
frequency  or  all  signals  independent  for  each  of  the 
three  converters? 


Attached  is  a list  of  ouestions  discussed. 


QUESTION  1 


ANSWER  1 


QUESTION  2 


ANSWER  2 


QUESTION  3 


ANSWER  3 


What  type  of  loads  are  expected  to  be  powered  with  the 


Inverter?  In  addition  to  motors  and  pure  resistive 


loads,  will  we  have  loads  similar  to  those  shown  below? 


The  Inverter  Is  very  low  Impedance  and,  therefore,  should 


be  no  problem  with  any  type  of  load. 


How  Is  overload  qoino  to  be  handled?  Limit  to  rated  outnut. 


or  complete  shut  down. 


Operates  to  200%  overlo/id  at  o°nf  and  95%  bus  vrltaee  — 


must  shut  down  or  back  off  after  a tine  profile  based  upon 


overload. 


What  portion  of  the  power  converter  can  be  shut  down  under 


microprocessor  control  without  damaro  to  other  components 


or  functional  blocks. 


Freouency  shut  down  could  be  a problem.  There  should  be 


no  other  problems.  Also  discuss  that  no  fuses  used  In 


system,  Onlv  breaker  is  a maqnetlc  breaker. 


QUESTION  4 How  lonp  will  the  storane  capability  of  the  Inverter 

handle  momentary  Increases  in  load  retirements?  What 
is  the  response  tire  reeulred  of  the  corverter  Irccelstor)? 


ANSWER  4 At  this  time  this  answer  Is  not  known.  It  will  he  discussed 

with  Del co. 

QUESTION  5 In  the  event  of  minor  failure  that  prevents  the  microprocessor 

from  control! Inn  the  AC  output  to  produce  rated  specification, 
will  emernencv  back  un  measures  be  desired  as  an  alternative 
to  complete  shut  down?  (Tor  exarole:  swltchlr.r  PQ»*  in  niece 
of  RAM  to  control  Inverter  SCCs;  or  analog  renulator  as  an 
alternate  to  dloital  loco  In  the  event  of  failure) 


QUESTION  6 How  much  diagnostic  capability  Is  desired?  For  example: 

self- test  could  Indicate  to  front  panel  display,  falllnp  RAM 
memory  address,  a bad  bit  In  one  of  the  Q/A's  or  A/D's, 
faulty  QC  to  PC  converter,  etc. 

ANSWERS  5,  6 Questions  5 and  6 concerp  failures,  self-tost  and  diagnostics. 

The  answers  to  these  ouestlons  have  already  been  addressed 
In  the  body  of  this  report. 


. 
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APPENDIX  B 

Requests  for  additional  Information  corcernlno  th«  power  conditioner 
were  made  to  HERADCOM  during  a telephone  cenversatlrn  with  Dr.  David 


Lee  on  August  30,  1978,  and  will  be  Included  In  the  baseline  design  when 
received. 

1)  Updated  charts  and  tlmlnq  charts  similar  to  those  of 
Appendix  A & B,  respectively.  In  the  purchase  description; 

2)  Are  transformers  shown  on  page  6-15  o*  Source  Ho.  4 

the  same  transformers  shown  on  page  6-13  of  Source  No.  4? 

If  so,  are  the  cards  the  transformers  are  on.  CCAA.3  of  CCA4? 


3)  To  fire  a converter  SCR,  It  appears  that  both  ends  of  a 
center-tapped  primary  are  grounded  surrultaneously  for  12  ps. 
Is  this  correct? 

4)  Page  9-5  of  Source  No.  4 does  not  Indicate  any  converter 
Input  voltage  sense  circuits.  Where  do  the  sense  circuits 
shown  on  page  18  of  Source  No.  4 perform  this  function? 

5)  What  Is  the  resonant  freoueng.v  of  the  DC  to  DC  converters? 
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